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Introduction
The Hofmeister series is an ordering given to solutions of ions based on properties such as their ability to desolvate or "salt-out" proteins or their specific ion effects. 1, 2 This effect was first reported in 1888 by Lewith and Hofmeister based on their work on protein solubilities. 3 The Hofmeister series is separated into kosmotropes (ordermaking) and chaotropes (disorder-making).
Ions at opposite ends of the Hofmeister series have different effects on species in solution.
1, [3] [4] [5] [6] Kosmotropes generally increase the solubility of proteins whilst chaotropes decrease their solubility. 1 Hofmeister ions have also been shown to affect the surface interfacial properties of electrolytic solutions. 3, 4, 5, 7 Understanding the Hofmeister series is important because its effects can be seen in many different systems including industrial processes and atmospheric chemistry as well as in biology. [8] [9] [10] In previous work, we have studied the sulfate ion (SO 4 where σ ij and ε ij are the Lennard-Jones distance and energy parameters, r ij is the inter-site separation, and q i and q j are the charges of sites i and j, respectively. The Lennard-Jones parameters and partial charges for all molecules are presented in Table 1 .
Low-energy minima on the potential energy surface for the perchlorate-water and sulfate-water clusters were found using the basin-hopping Monte Carlo algorithm 22, 23, 24 implemented in the pele 25 software package.
The basin-hopping algorithm is used to obtain the putative lowest-energy structure (the global minimum, GM), to explore the potential energy landscape efficiently, and locate other low energy structures, for subsequent landscape mapping.
22,24
The Monte Carlo geometry perturbations implemented in this study were performed in blocks of 100 moves of the same type. confidence that these are indeed GM. These putative GM are shown in Figure 1 and their interaction energies are listed in Table S1 (Supplementary Material). 
Results and Discussion
100% of the runs finding the same minimum at N=16, 63% at N=17 and a maximum of 25% (but often a lower percentage) of runs agreeing for larger sizes.
Analysis of global minimum structures and energy landscapes for hydrated perchlorate clusters
The structures observed for hydrated perchlorate clusters in this study (see Figure   1 ) generally have similar structural motifs to those seen in small pure water clusters, i.e. In all of the structures examined there was a general retraction of the water molecules from the ion. This is likely due to the lack of polarization in the model, and would be improved by using a model which accounts for this, such as the AMOEBA forcefield. al. 26 The perchlorate anion tends to take the place of 2-3 water sites within the structure.
The presence of the perchlorate ion suppresses dangling OH bonds at the surface by acting as a net acceptor of hydrogen bonds from the coordinated water molecules. This effect can be seen clearly in The number of dangling OH bonds for the perchlorate system was calculated for each cluster and the Boltzmann weighted mean, (T=130 K), across all the clusters observed was calculated using:
The difference between the energy of cluster Figure 9 for the case of N=8. Our ( 2 ) 8 disconnectivity graph is similar in shape to that previously reported by Wales et al. 13 The This shows the effect of the four distinct Figure 11 . Displacement vs. overall charge (q) for the (XO 4 q )(H 2 O) 12 cluster.
global minima found at different ranges of charges q. The increasing displacement with decreasing charge is still seen.
Conclusions
We Table S1 contains the energies for all of the reported putative global minima.
Supplementary Information
Copies of all the structures analyzed in this work, as well as a copy of the basin hopping code used to generate them, will be 24 made publicly available through the Research Data Archive service at
Birmingham.
